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ABSTRACT

Thioacetaiide and yellow phosphor us were r'espectively adninistered into

the stomach of Wister rats and periodical cdatges (15 min.- 48 days) occurr-

ing in liver cells were observed with light and electron microscopes..
62-
,Y.in the initial stage of acute thioacetamide poisoning, liver cell injury

appearA•n the central zone and then spreadto the perip)hery. Electron

microscopy revealJ (a) transitional figures from REr to SEr, (b) single

limiting membrane of mitochondria and increased electron density, (c)

decreased glycogen content, (d) enlargement of nucleoli, and (e) decrease

or complete disappearance of Palade Is granules, etC., These findings

appearAfrom aboat 30 mianutes and beLne prominent dith the lapse of time,

i tho initial stage of acute yeljiow phosphor us poisoning, liver injury

nppeai, in the peripheral, zces. Electrcn microscopicallty the main chages

consgstikof (a) transitionrl figures between MEr to MEr, (b) swelling of

mitochonrh-a, (o) ducrease of glycogn,4 (d) appearance of lipid droplets,

(e) enlargeint± of' hUfleooli) (2) decrease and cdisappearance of Palade'sI-OL T
g.flha.i s# utaz. 'J.hese fiLtrsog ZW4 eLf.OUYV•d tat 5 minutes, nd

thoy b-.cerio pro ohj with the, lapsae of time.

3,The elocti~on titlo~co-'. c rle~u•ts observed in t esent experiments were

dompared wi'th those previously reported by others and thooe of the former

fihal •,ptC)O11't lancticiiallyo thoee findings sugg00t the disturbaoe of th•

enzyintio sysietm and mc'lea h1.ochemical activity, but further histo-

ohemioesL and, bioclh.emical Atudies are necessary inorder to prove thle

4s sNpt:1, on,
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1. introduction:

"-Although there are various noxas (chemical, physical or deficiency state)
which cause so-called regressive changes of the cell, it cannot be denied
that there is a lack of pathochemical studies on the noxic process and
intracellular damage. The mode and process of injury caused by them still
remain an unex.plored field to the scientists of today. The studies on cell
injury in this sense are one of the most important basic problems in the
S.leld of pathology. The object of the present series of study which have
been done in the first year of our project 1 ), and yet unfinished is to
examine the degenerative dcanges of cel]ls morphologicallty at the level of
suboel.ular morphology, to detect the characteristic pathological processes
in cells induced by various toxic agents, and to find some clues which will
contribute to clarify the basic biological processes underlyi ng such cell
injuries.,

From our experience with several series of experiments, ii could be
assijmed that among various noxas, the pathological processes ccmencing in
co].l: are different from ohe chemical to another. In this report, results
cbtained in thioacetffide,; and yellow phosphorus poisoning ý4ll bo des-
cri be d,

Tcwever, since we still feel it nece.osary to try other chemicals or noxic
s-:bWt;aces which are said to have different effects on the biochemical
i.xoccsses of cells inorder to ubtaiu a more .•ýI.xn basis for biological

_i x.cperiments us'ng several other agents are now in progress.
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S, Material and Method:

The experimental animals used in the present study consisted of 54
Wister albino rats (male, 100-21084n) bred for more than 10 4ays with.
standard diet*.

a, Eight groups of animals each c(nsisting of 5 rats were given
60ma/kg of thioacetamide (CD -.CSIH-2) through, the stomach and sacrificed
by decapitation 15mixi., 5Sa-in.,,l,3,6,'1.2,24 and 48hrs. later, Another
group consisting of 3 rats w,..s used as control.

b. Seven groups of animals .dn .'•si sting of 3 rats were given
2Cn,/kg of ,yul1o-, nhosphoru.. .;oL2, olie oil solution through the
stomach, and sacrificed 'ry Ntc.'it-, on 1.r:i.,, Snin.,I,3,6,12 and 24
hrs. later, Two other g.oup ; •riu•. oach consisting of 3 rats
were Fiven O.1cc/kg '.)f olive ci-T . t].ug1 the stomach and sacrificed
15min, and 24 hrso la'.er• Mi 0 C'E,' Yely after the anii'als were sacrific-
ed, snall pieces of the ]..cr . afrxed in 1% 0sO4 in acetate veronal
buffer(pH7,,4) 'itýh au•poe adducd to acke un isotonic solution for 2 hrs.
at Q'4Og, Epcn 812 and a .i r an'but;'ne'haerylate(mixed ratio 5:7)
were used for embadI.ng, l±oue:z' •eessary, electron staining was
carrieed out with satui.uted u2,an-c•u •itj ato for 30-120min., or lead
hydroxido Eoo 5"-20ain. On tbh~j oth••r hand, iaraffin sections were pre-
pared from theh foniali n fixed ti ,s-mues -nd stained with H.E. and PAS.

*Standard diet
W..heat flo.r Y .•.; milk m.J.' 3g-m;, cud-liver oil igm, MoCollum
salt 5gmn, yeast 3gm, Toi:,q2 .LOQg,(dk , _,.s a%'pha Cal.)



3. bObservaticns:

a. Thioacetmide poisoning,

(1) Light Microscop,. The decrease in cytoplasmic basophilia in
the ceitrIlohlar region starts to appear after 3 hours. Six,
hours after dhug administration, decrease in PAS positive subt
stance could be observed in the same area mentioned above.
The nucleolus becomes conspiciotis and increases in number
(2 to several); After 12 hours, the changes described above
becom•E more severe and extensive. The cytoplasm contains fine
vacuolae: st.uctures, liutoti c figures of liver cells are also
observed in the peripheral zone. After 24 hours, the dhanges
encountered are necrobiosis of liver cells in centrolobular
regicn, decrease in PAS positive substance, decreased cyto-
plasmic basophilia throughout the lobules, pyknosis, thicken-
ing or hyperciranatosis of nuclear membrane, and prominentt
nucleoli stained red with ecsin.

(2) Electron Micros K.y,

(a)__Nucleus Within one hour, the nucleoli became slightly en-
larged, followed by prominent nucleolonema formation after
3 houiirs (Fig. 1 tmd 2). However, after 24 to 48 hours, most
of the nucleoli become a hom ogenous, highly electron dense
mass., At the same time, the matrix of nucleus shows a
mottled appearance and occasionally contains irregularly
shaped, moderately electron dense, fine structures of un-
identiffed nature,, '1he nudlear membrane is intact in all
cases examined showing a tridple layered structure (Fig. 9
and 10),

(b) Mitochondria. After 30 minutes, some of the mitochondrias
show slight swelling together with increase in number of
microbody (Rouiller) (Fig. 1). Irregularity in shape and
size of mitochondria a-d increase in mitodicndrial granules
are observed after 3 hours. After 48 hours, these changes
become more severe and extensive, and there is an increase
in number of microbody and dense body having similar struc-
ture as the granule assumed to be bilirulAn granule. At
this stage, all of the mitochondria loss their triple
membrane. Cristae mitochondriales show irregular arrange-
ment, cristolysis and cristorrhexis in many mitochondria
(Fig0 9).

(c Ehdoplasmic Reticulum. After 30 minutes, the endoplasmic
reticu.um (REr) begins to lose its grouped parallel arrange-
ment and decreases in number. After one hour, there are dis-
arrangement, shortening, decrease in number, dispersion,
partial dilatation of lumina and partial lose of RNA granules
of rough surfaced endoplasmic reticulum (REr). On the cantra-
ry, the smooth surfaced endoplasmic reti culum (SEr) appears

3



as if slightly increased after 30 minutes. L-1 cases exa-
mined after I hour, there is grouped SEr forming a net-
work (Fig. 2). Transitional :figures of REr to SEr are
encountered in many places (Fig. 3 and 4). These chzmges
progress with the lapse of time and after 48 hours, the
REr shows marked decrease in number. They are found sur-
rounding the mitochondria in single or double layers.
The RNA granules attached to the mambrane and in cytoplasmic
matrix decrease remarkably. The latter is often entirely
absent in the cytoplasm. The SEr on the other hand, appears
dif fasoly in the cytoolasmic stroma as a crowded small vesi-
cular net-work (Fig. 2.8 and 9). Occasionally, myelin igurer
of SEr origin are encountered. After 6 hours or more, there
are vacuolar structures containing anorphous or thread-like
material of low elecbron density ii the cytoplasm. They are
limited by a single membrane aid o.4ginate from SEr by mark-
ed distension of lumina "Fig, 6, 7 rid 9).

(d) Golgi Complux. After 6 hours, the Gol0 i complex is hardly
ever found in the peribiliary and perinnclear areas.

(e) Lysoscne. It di.nappears almost cmn'"i•t,]-y after 24 to 48
ho0u-rs,

(f) Bile Capillary. Narrowing of Il.urina and dacrease in number
ofi-rface microvi Ili are the onl,,•r .inings.

(g) Glycogen. Gi-corun is woll presenred up till 15 minutes.
T----t a-zts to decrease after one hour and disappears complete-
ly after 24 hours.

(h) Lipid, Although lipj c' inoroase after one hour, there is
no marked increase throughout the whole series.

(i) Disse's Space. Disse t s space is intact up till 1.2 hours.
Narroving of lumina, docrease in nunber of microvilli, and
Proliferation of connective tissue fibrils are observed after
48 hours.

b. YelJlow phosphorus poisoning.

(1) Light Microscop . At 30 minutes, there is enlargement of nuclei
nd nucleoli of the liver ce]is in both intermediate and peri-

pheral zones. Basophillc body also becomes samewhat obscure.
Lipid droplets appear after 6 hours or more from the peri-
pheral zone and become prominent with the lapse of time, These
consist of mainly small droplets. PAS reaction becomes weak

after the 3rd hour and shows a negative reaction at 24 hour,.No remarkable necrotic figures aro encountered even after 24
hours,

4



(2) Electron Microscopy.

(a) Nucleus. No clear-cut changes can be observed between 15
and 30 minutes,, Vthin one hour, the nucleoli become en-
larged acomapanied with prominent nucleolonema formation
(Fig. 12 and 19). The nucleus is sometim-es indented, and
its membrane structure is well preserved. The nuclear sub-
stance is irregularly distributed, and small aggregates of
fine granules similar to ribosomes are confirmed (Fig, 12).
At 3 to 6 hours, these changes become more clear-cut with
increased aggregates and appearance of large nucleoli
(Fig. 16). The intermediate clear layer of the nuclear
membrane (composed of 3 layers) frequently shows figures of
mild dilatation and transitional figures to Er (Fig. 14).
At 1.2 hours, most of the cells have large nucleoli, and

o at times 3 or more are found in one nucleus, The matrix
of nucleus is irregularly distributed and consists of a
clear and dark portion (Fig. 17, 19 and 20). Chromatin
margination is also observed, At 24 hours, the above
changes become more prominent, but the nucleolonema becomes
obscure (Fig. 19).

(b) Mitochondrion, Although scrie cells tend to become somewhat
swollen at 15 minutes, the majority is apparently normal
appearing. At 30 minutes, however. swelling becomes more
prominent, and figures of cristolysis and dilatation of
intenrediate clear layer are sometimes observed. The strama
of mitochondz'la is pale. The limiting membrane shows no
changes and its triple layered structure is well preserved
(Fig, 12, 15 and 14), Afte: an hour up till. 12 hours, the
swelling becomes more prominent with the lapse of time.
vfth the appearance of irregular shaped and atypical mito-
chondriai they tend to show small and large figures on one
plane. At 24 houre, the swelling becomes extremely promi-
neut w.th the stroma showing marked low density. The
mitochondria is in most instances ovoid, but some are
irregular shaped and elongated. The triple layered struc-
ture is still well preserved at this stage. Although not
pmcninent, there are A1gures of cristolysis, cristorrhexis
9nd dilatation of the intermediate dlear layer. Mitoohondri-
al granules are obscure in those ahowing remarkable swelling,
but can be found in most of the celTs (Fig, 19 and 20),

(c) Endoplasmir Reti. otu&p. Transitional figures between rough
surf'aced-eIMOýYZ.3Treticulum (REr) and smooth surfaced
endoplasmic reti cu•um (SEr) are looked upon as a noteworthy
feature, This process consists of the following chain of
events: NoimdJ Rr becones dispersed, shortened, and the
surfaced Palade Is granules drop off. The lumina shows a
localized, irregular dhlatation, vesiculation and then
transforms into SEr. At 15 minutes, these changes are seen
in only a few of tho cells (Fig. 11) with the majority
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remaining apparently normal. They then become rather prcmi-
nent in 30 minutes to an hour (Fig. 13. 14 and 15). Dense
granules measuring 70 - 100 mu presumably or ginating frcnm
olive oil are Treqaently fournd in the lumina of SEr in all
cases (Fig. 17, 18 .nn 20) The accumuition of these
granules le'ad to the formation of large lipid droplets. At
3 - 6 hours, there is a prominent decrease cf REr, while
SEr indicates a remarkable increase (Fie. 16). However,
there are a few cells remaining with typically arranged REr.
At 12 - 24 hours, these cells with typically arranged R~r
become remarkably few in number, and in sane instances only
SEr can be noted (Fig. 18). SEr shows isolated, irregular
shaped vesicular sacs or a net--work. Free Palade's granules
t*-sappear and the cell matrix becanes clear, Occasionally,
myelin-like structures of SEr origin are observed, and
they are sometimes found from the lsU hour. At 24 hours,
one may frequently encounter disfigures REr.

(d)__lgi Coplex. Developed profiles of Golgi complex are no
longer seen -ith the lapse of tine mid progress.- of cell
injury. At 12 - 24 hours, poorly developed Golgi complex
is sometimes observed in the surrounding area of bile
capillaries (Vig. 20).

(e) Microbodies- Secretion Granules. L£-oJanes and Bilinibin
GranulesQ Micr"obodfe6s ?U.I]er••-are found not only in the

surrounding of bile capillaries but also in other areas of
the cyteplasm. W.Ith the lapse of time, there is en increase
in number of microbodies, while lysosomes (Novikoff) or
secretion granul'es (Takaki, Hagiwara) decrease in number.
At 12 - 24 hours, numerous microbodier are observed, while
there are hardly ealy lysosones (Fig. 19). Large, dense,
irregular shaped bodies considered to be bile pi@nents, are
found between the nucleus and surrounding of bile capilla-
ries (Fig. 20).

(f) Bile Capillary• With the atrophy of GDlgi coaplex and decrease
in nunber of secretion grntiules or, lysosomes, thn-re is also
a decrease in number of nicrovill! protruding into a rather
narr.owed lumina (Fir. 20), Bizzozero nodules show no marked
changes

(a___y'cogen. There is a rapid decreaae soon after the adninist-
rabt on of yell]ow phosphoru,3, and a remarkable decrease can
already be noted at 15 minubas (31ig. 11)o Glycogen can
harcay be detected in wny of the liver cell at 24 hours
(Fig. 19 and 20).

(h id. Lipid droplets measuring '70 - 100 mu appear in Disse's
space l'rom 15 minutes after administration of yellow phcsphorus.
They enter the endoplasmic reticulum (especially SEr) of liver

6
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cells through pinocytosis (Fig. 18). They then accumulate,
fuse and increase in size, and appear as large lipid drop-
lets measuring 2 - 3 vt. These figures are found in all
cases up to 24 hours.

(i) Disse s Space, 1hdothelia or Kupffer Cell., Microvilli, In
all cases after 30 minutes or longer, there are sometimes
desouamation of endothelial cells, Swelling of microvilli,
and flow-in of destructed liver cell cmhents into the sinu-
said.



4. Discussions:

a. Thioacetamide poisoning. There are many literatures on experi-
mental injuries of the rat liver cells in thioacetamide intoxication.
Most of them have described the development of liver cirrhosis or hepat-
ic carcinoma, especially amphasizing nuclear changes after prolonged
thioacetamide administration of small or subtoxic doses. On the other
hand, there are only a relatively few reports on acute intoxicati on or
earlypýT8 of poisoning of thioacetamide (Gallagher( 5 ), Gupta(),
Salomon .). In the present experiment, the primary or the most im-
portant finding is the changes of Er. From about 30 minutes after the
achinistration of thicacetamide., the REr bej.ns to decrease in number,
while the SEr increases in number and forms an irregularly connected
vesicular structure. Connecting figures between these structures and
REr wvith fall-off of surfaced Palade granules (Fig. 3) Similar changes
are observed in rat liver daring fasting (Takaki et a.16), fluoroacetate
poisoning (Hongo)%. (7 carbon tetrachloride poisoning (Aizawa)" 2 ) and
yellow phosphoris poisoning. Surfaced or free Palade, granules consist
of large molecules of ribonucleoprotein and are mainly responsible for
the cytoplascn c basophilia seen umder the light microscope. Decreased
basophilia in centrolobular region observed under the light microscope

in the present study coincides with the 6hango of the aforenmentioned
extreme decrease of PEr -nd free Palade Pi-nules. On the other hand,
the fect that glucose-6-phosphatase is located on the smooth surfaced
endoplasmic reticulum (Chauveau)(4) also coincides with the decrease of
glycogen which might be specifically interfering with carbohydrate
metabolism of the cells. Accorcdng to the rocent study of Gupta(6) and
Gallagher 5 ) rat liver cells in thioacetamide poisoning undereo a per-
meability change wherebv calcium Pnd sodium ions stream into the cells
and "fur" the mitochondria, while magnesium and potassium ions are lost.
Furthemore, they have shown by means of histocheical tests, that
accumulation of calcium ions occurs at tho sur2ace of mitochondria. In
this experiment, abnoomial mitochondria having single layered limiting
manbrane with high electron density mig0t indicate accumulation of
calcium ions on the membrane (C~anerac)' 3). To say the least of it,
the above mentioned figures point to a penneability change Lind follow-
ing dysfunction of enzynatic systems of mitochondria, In 48 hours, a
homogenous$ non-structur,.l substance with low electron density appears
after the 6isappearance of glycogen and free Palade granules (Fig. 9).
This finding together with chromatin situated close to the border of
the nucleus is similar to those pointed out by Takaldc(14) in autolysis.
Further studies are needed inorder to clarify the exact nature of the
above substance, Cells having pyknotic nuclei, degenerated intranuclear
organellae, and increased density of cell matrix appear in great numbers
after 24 hours or more (Fig. 6). It is not clear whether these cells
represent necrobiosis or not. Similar figures ane also found at 24
hours in carbon tetrachloride poisoning (Aizawa)("). At 30 minutea
after adainistration of thioacetamide, thea'e are some cells showing
gradual onlargeaent oZ nucleoli and marked formation of nucleolonema,
but at 43 hours, the nucleoli become homogenous having a high electron
density (Fig, 3). This is compatible to the aosin stained substance
Abnr observed under the :light microscope. HIrtocheniically and cto-
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dcemi&•y.•y the nucleus oontains desoxy-rtboUcleic acid# *ile the nud-eoli
are O~mposod of ribcnu~.clvc acid. The aforementioned figgres are presum-
ably those of degenerated or vanished MA particles.

b. Yellow phosphoruS poisoning, Electron microscopic stUdies on the
ins sF es ol the-liver cells in acute yell~ow phosphorug poisoning

hawe been cqrried out by OnoelO) and J6z6quel8). Once using mnice, inject-
ed O05ml of 0,25% phosphorus intraperitonoally. He observed 8welling and
drop in densi ty of mitodiondcha, disappearance and vacuolization of crista,
di5aprjearance of endoplasoic reticulum, lipid granules, decrease and dis-
appearance of Palade Y granules, etc. On the other hand, Jz.6quel desa
cr~bed OZLm( •t compietoe disappearance of ergastoplasma and swelling of mito-
chondria with only mild alteration of its intephal structure, He emphasiz-
ed. that thcre are no direct morphologic connection between mitochondria
and the formation of lipid droplets, In the present experiment, some of
the mitochondria alýready show swelling at I5 minutes, and this change be-
comes p rominent in 24 hours. This finding coincides with that reported by
Once, brat the alteration of internal structure of mitochondria with some
showing cristol.!sie. end cerstorrheax.s is much more remarkable than those
desc•ibed by j~zdquel° The triple layered structure of the limiting
membrane remained -,ell preserved in all o'SeS. As has been previously men-
tioned w e are of the opinion that tran•itios frcm rfw SEr play an im-
po~tm role in th? disappearance of PXr. An increase in number of micro-
bodies (Rouiller)lf) is found in parallIel with the swelling of mitochondria
snd transitions between REr and SEr, and their distridbtion.is not limited
to the surrounding area of bile capillaries. On the other hand, the number
of lysosomes (Novikoff)9) or secretions granules (Takaki)15-17) and the
development of G0oI complex and bile capillaries decrease or become poor
in contrary to the increase of microbodies, These findings indicate that
it is inadequate to include inicrobody (Rouiller) in lysosomes from just the
.•eistence of acid phosphatase containing granules in the surrounding of bile
capillaries and frn b.ochamical tod eaeqgs i microscopic findings of gra4il-
an isolated by fraction centrifuAftionl ' , 11he appearance of lipid drop-
lets is one of the characteristic findings encountered in phosphorus
poisoning, Since olive oil was used as a solvent in the present experiment,
its intake fran the slnusoid into the liver calls and formation of lipid
droplets by its accumulation in endoplasmic reticulum was found in all of
the cases (Sazuki)l), For thio reason the morphologic figures indicating
the mochanism of endogenous lipid formation in the liver cells could not be
observ-ed in this experiment, However, from the points that there are no
figreis suggesting Jipid fonrnation without the participation of SEr ard
that therre Pre reo transitional figures between mnitochondria and lipid, it
may be assi•.ed that lipid fonnation in -phosphorous poisoning takes place
with the' p:rtic!pation of SEtr, Alt iih the morphologic changes of liver
cello in pc...hr.. poisonirl, .p '') the following changes are considered
to , a. ea: J~y &-,age -and remarkablUy in phosphoyus poisoning: (1)

""".,._1-'Jn !,r, .... SMr, (2) swelling of mitochondria and
ino'•-r0.,".,'.Abo, e. (3) deronased glyoogen9 (4) appearance

o.f of .eo..• (3) decreace and dis'ppear-
an~ ','- 1 " 0 2:e-u•c. o Toh,, " of emdoplaomic reti .aLum -and

; .g ox *.'CO o';.: o'.ro , i.•i' TO' 'o.. observed in £1uoroaoetata
- b& , i c-, L,•'•C. . .. ...o.. n.r, lo. .i s 3 'ch P•• •re ZVOm ro U, inl,



phoa.phoium poisoning, Although al.l these changes aru found also in carbon
istr.acloride poisoning, the vesicles formed by distonsion of Er lumina are
smaller arnd much more numerous in phoephorLas poisoning. in tihioacetamide
poisoning, +,here are characteristic figures of mitochondrial .imiting
membrane, lesser swollen mitochcndria, and net-work arr-angement of SEr,
while in phosphorous poisoning the limiting membrane is well. preserved and
SEt8 shows a vesicular dilatation, The existence of a difference in mode
of action in the various poisonings can be assumed from the difference in
electron microscopic changes of the injured cells. The accumulation and
comoara^tive studies of various experimental poisonings shou•d prove valu-
able in obtaining further infornation :-oncerning the pathogenesis of cell
injury,

10



5. Summary

a~Thicacotamide poisoning.

(1) Wister rats were orally administered with 6(0ng/kg of' thioacetamide,
and the changes in liver cells were observed under the light and
electron microscopes at intervals of' 15 min., 30 min., 1, 3, 6,
12, 24 and 48 hours, respectively,

(2) 'The changes in acute thioacetamide poisoning consisted of ( a)
transitional figures from REr to SEr, (b) single limiting mem-
brane of mnitochondria and increased electron density, ( c) de-
creased glycogen, (d) enlargement of nucleoli, and (e) decreased
or complete disappearance of Palade granules. These findings
appear from abcut 30 minutes and become promincnt with the lapse
of time.

(3) The electron microscopic figures observed in the present experiment
were compared with the hitherto reports and those of fluoroacetate,
carbon tetrachloride and yellow phosphorus poisoning.

(4) The single limiting membrane of mitochondria and its increased
electron density are characteristic figures foudnd in acute thio-
acetamide poisoning, These findings suggest a change in permeabili-
ty of mitochondrial membrane.

b. Yellojw phosphorus poisoning.

(1) Wister ra'bs --oTre ora:lly admin~ister-d with 20ng/kg of yellow phos-
phnra.9 dissolved inl olive oil, and electron microscopic changes of
liver :;eils were observed at intervals of 1-5 minutes, 30 minutes.,
1, 3, 6, 1.2 and 24 hours, rospectively,

(2) The mair liver coll changes consisted of' (a) transitional figures
between R~r SEr, (b) swelling of mitochondria, (c) decrease of
glycogen, (d) apcoarance of lipid droplets, (e) enlargement of
nuclejoli, (f) dec3rease and disappearance of Palade's granules, etc.
Thhlise fgrswere first encountered at 15 minutes, and they became
prom-inent with TIhe lapse of tine.

(3) The results obtained in the present experiment we're compared with
those previously reported by others and those of fluoroacetate,
carbon tetrachloirtde and thicacetamide poisoning.

(4) The diff~erence in morphologic changes in acute yellow phosphorus
poisoning and other acuto poisonings has been confirmed and dis-
cussed.

:1~2d
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EXPLANATION Of, FIGURES

Abbreviantions of special terms used are as shown in the. following
para~graph.

B Bile capill.ary

C Col~agen fibril

Cs Cyboplasai-ic stroma

D) Dueise body

F Fat droplet

G Gol j- conpl ex

Ga Glycogem area

L Lyscsome

M M.itochondj.-'ia

Mb viicrobndy (.To-LCLer 6& Be-rnhard)

N Nucleus

N1 N u-. Deoý, a

P1~r Rnug7h slurfaced endopl, asmi c ret-.. culum

S Si I. u-9o id
S &T SootLh -u~aod oxidoplasynic reticulum

V Vacuole
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Fiag. 1, Thirty, min. after administration of thioacetamide4 r There iS 4
markod development of nucleolonema in the upper left, The glyogre
area is not too well preserved and nlthough most of the REr show
typical parallel arrangement, some increase in number of SEr is
observed in the right. There is slight increase of microbodies,.

12, 70OX

Fig. 2. One hr. after administration of thioacetamide. TypicaL arrangement
of EIR is no longer seen in this figure. Grouping of irregularly
connected mesh structure of SEr. Glycogen storage is remarkably
decreased. Golgi complex is- normilly developed,

8,10OX

Fig, 3. Six hrs. after adainistration of thioacetanidej. The glycogen area
is a.most obscire. Slight increase of fat droplets. 8ome of the
mitochondria already demonstrate swelling and mitoahondral matrix
with low electron density, Typical arrangement of REr is no longer
seen vid not a few of the REr show shortening, dispersion and en-
largmimnt of internal space with fall-off of surfaced granules.
1noreaSO of SEr with grouping o' irregularly connected mesh struc-
ture of SEr. Transitional flg'dreo betwoen REr and SEr (arrow)_

18, 4004

FIg. 4. Twelve hrs. after administration of thioacetamide. Sireiar figures
to those observed in the above. Double membrane structure of the
mitoceondria is well preserved.

18, 400X

1.£, 5, Twenty-four hrs, aftev' administration of thioacetamide. Moderate
swelling o:ý Mitochoedria.. initial figures of fainting or djaappqar-
ante of the outer limiting menbrgne of mnitoohLnMi,

Fi*. 6, Fovby-eijght hrs, after admirijtration of thioacetamide. There are
several rtbypical dhapsd or irregularly borderd mitochondriae and
extremely decreased 1Rr, Closly packed SEr is filling the cyto-
plasmic istroma ýnxe there is complete disappearance of glycogen area.
There are some vesicles containing amorphous thread-like materi4ag
vi•tih low electron density. Moderate increase of lagn tbers
in Dis sefs spaae, In the upper right oX this fig'rej a dark appear-
ing cull, is obhaveed,

30 700X

Fig, 7, Sam-e case as the above, 8imilar fi.urae to those observed in tho
above, Somne nuclei WLth mottled appearance of chromatin o4 hmo"
genous olacticn disoe nuclooli.

3, 700X
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Fig. 8, Forty-eight hrs, after aoinistration of thioacetamide, Two large
large nucleoli with homogenous electron dense appearance are ob-"
served in the nucleus with mottled chromatin. Irregularly connect-
ed SEr in the oytoplasmic strota, Numerous irregularly shaped
initochondriae vith single layered limiting membrane. Moderate
increase of microbod.es are observed.

15,POOX

Fig. 9. Same case as the above. A vesicular structure with single limiting
membrane containing of amorphous or thread-like material is ob-
served at the center0 Mitochondriae show a single layered limit-
ing membrane with rather high electron density. Cristolysis or
cristorrhe-2s of cristae mitochondriales (arrow) is demonstrated.
Completely homogenous, non-structural substance with low electron
density flling the cytoplasmic strcma instead of disappearance of
glycogen and free Palade granules. There are also marked increase
of SEr in vesicular net-work.

24, 30OX

Fig. 10. SWae case as +,he above, 5wol~len mitochonfdriae show a single layor-
ed liniting membrane irLth rather high electron density. Cristae
mitochondri ales a7'e shortened and increased in number and reYeal,
cristolysis or cristo~rheAis in some portions. Markedly decreased
REr with scarce number of surfaced Palade granules are surrounding
the swollen mitoodahncj.a.

2 5$ 300X

Fig. 11. Fih-Uen min, after advinistration of yellow phosphorUl, Early
-cran.32rmat2on from the rough burfaced endoplasmic reticulum (REr)
to the smooth surfaced variety (SEr) is seen on the right lower
fie] d. M~itochondria appear almost normal.

3j 300X

Fig, 12. Thirty min. after adninistration OP yelXOWj phosphoru$, An q"
largad nucleoli -with nucleolonema formation, swollen mitochondria
and increase of microbodies (Rouiller) can be noted.

4, 600X

Fig, 13, Anothei liver cell of the sane rat as ShA ib fig. 12. The
initial change of trausformation from REr to SEr as seen in a rather
typiCally arranged RFr,,

Fig. 14. A live•r cell from tho same case idth thAt of Fig. 19, Md 13.
The transfoirnation is a little more adVsioed, Mitochondria are
slightly swollen 9nd, .9how mild criLtojP!• (arrow a). Three
moaroboi.es shohQwng a igure sugj9gt$a$ Me poo44e relatiuahip
to Ur ii one of wii, id e-c•-i* 1 ýh xme ntlar '1riI
(arrow b) are nb d,



0e

FLg. 2.5, One hr. after ackninistration of yellow phosphoru,, Swo~l~en mito-
dionliia with disarrangement of their cristae and decreased pro-
f'los of REr are seen, Nucleus is found on the left and a fat
dro- on the right lower corner.

29,1700X

Fig. 16. Three hrs, after adminiLstration of yellow phosphorus. PFeri-
bilecanalicular region between two liver cells. A liver cell
occupying the right upper two th.rd has an irregular shaped
nucleus with small aggregates (arrow) of rather dense granular
material as well as moderately donse fine granular nucleic substancao
In these two cells increase of SEr is prcrinent.

26j400X

Fig. 17, Six hrs. after achinistration of yellow phosphoruSj A ring-
shaped transformation of REr (arrow a), small fat granules in SEr
(arrow b), rather dense granular aggregates in the nucleus (arrow
c) and two microbodies (Roailler) showing connection to SEr
(arrow d) are demonstrated.

2 5i90OX

Fig. 18. Twelve hrs. after acninistration of yellow pnosphorziii. In this
cell, most of the REr have dLsappeared and transformed into SEr,
Fine fat granules (arrow) measuring about 70-1OCtmu ard being ab-
sorbed by pinocytotic mechanism from the cell surface facing the
space of Disse (Ds) and accumulating within the internail space of
SEr. Three large fat droplets are also seen.

17,400X

Fig. 19. Twenty four hrs. after adninistration of yellow phosphorUs.
Marked swelling of mitochondria, remarkable increase of microbodess,
enlarged nucleoli and mottled appearance of the nucleus are seen,

20, 80OX

Fig. 20. Same case as of Fig. 19. Marked swelling with highly decreased
stromal density in mitochondria, an atrophic bile canalicule, many
small cystic structures orignated from endoplasmic reticulum(arrow)
and a large dense body are observed.

20, 800X
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